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Abstract In this paper, a model for the distribution of the Global Carbon Budget between the
countries of the world is presented. The model is based on the criteria of equity while also
taking into account the different historical responsibilities. The Global Carbon Budget corre-
sponds to the quantity of carbon dioxide emissions that can still be released into the atmo-
sphere while maintaining the increase in the average earth surface temperature below 2 °C, and
it is therefore compatible with the long-term objective defined in the Paris Agreement. The
results of applying the model are shown both for the 15 emitters that currently top the ranking
for world emissions as well as for the other countries, which are grouped together in three main
groups: Other African, Other Latin American and Caribbean, and the Rest of the World.
Mitigation curves compatible with the carbon budget allocated to the different countries are
presented. When comparing each emitter’s historical emissions for the period 1971–2010 with
the proposed distribution for the period 2011–2050 obtained using the model, it can be seen
that developed countries must face the future with a greatly reduced carbon budget, whereas
developing countries can make use of a carbon budget that is higher than their cumulative
historical emissions. Finally, there is a discussion about how a model with these characteristics
could be useful when implementing the Paris Agreement.
1 Introduction
The Paris Agreement, that came from the COP21, and that entered into force in November
2016, is the new legal international framework in the fight against climate change (United
Nations 2015). Referring to the issue of mitigation, the agreement establishes a long-term goal
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(article 2.a): B… keeping the increase in the global average temperature to well below 2 °C
above pre-industrial levels,^ a methodology based on the BNationally Determined
Contributions^ (NDCs) and a periodic assessment of the level of accomplishment of this goal,
named Bglobal balance^ or Bglobal stocktake.^
On the way towards COP21, countries were asked to send their mitigation intentions:
BIntended Nationally Determined Contributions^ (INDCs), to the UNFCCC (UNFCCC
2013; UNFCCC 2014). This permitted an analysis of these INDCs to assess if humankind is
on the path to achieving the previously mention 2 °C objective, or not. All the studies
(UNFCCC 2015b; UNFCCC 2016; UNEP 2015; UNEP 2016) agree that these INDCs are
far away from the goal and that a considerable increase in the level of ambition of the
countries’ contributions is needed. In fact, the package of decisions that accompany the
Paris Agreement (UNFCCC 2015a) highlights the concern about this gap. This gap can be
explained if we consider that currently every country elaborates its contribution to the
global reduction of emissions in its own way, partly because there is no consensus about the
criteria and the model that can be used in order to distribute between countries the burden of
emission reductions.
In this paper, a new model, based on climate justice criteria, is presented. This model can be
used to help countries to elaborate an effective contribution to reach the global objective and
also as a reference to assess the level of ambition of each countries’ contributions. In the
literature, other models that try to apply equity, as a central pillar of climate justice, can be
found. In order to contextualize our proposal, a short review about equity and climate change
is provided in the next section.
The model presented takes as a starting point two of the global references which are being
used to evaluate the degree of approximation to the objective of 2 °C: the Global Carbon
Budget (GCB) and the RCP2.6 scenario. As we explain below, they are separate concepts but
interrelated with each other.
The GCB can be defined as the total amount of CO2 emissions that lead to a specific
increase in the global mean temperature. The specialized literature (Matthews et al. 2009;
Zickfeld et al. 2012; Frölicher et al. 2013; Herrington and Zickfeld 2014) and especially the
last IPCC report (IPCC 2014), establish very clearly that cumulative CO2 emissions are the
main agent responsible for global warming and show the proportional relationship between
cumulative CO2 emissions and the long-term increase in temperature. This means that the
increase in temperature does not depend on the level of emissions in one specific target year
but on the cumulative emissions released up until this year. This is the idea that underlies the
concept of the GCB.
Of all the Representative Concentration Pathways (RCP) published in the AR5, the RCP2.6
scenario is the only one which is compatible with the goal of not exceeding the 2 °C
temperature rise expressed in the Paris Agreement (article 2.a) (van Vuuren et al. 2011). The
cumulative CO2 emissions of the RCP2.6, calculated from 1870 to 2100, amount to
2900 GtCO2. Of these emissions, 1900 GtCO2 were already released before 2011, leaving
approximately 1000 GtCO2 to emit from 2011 onwards (IPCC 2014). This means that if
humankind wants to achieve the 2 °C goal, the amount of CO2 emissions that can still be
released into the atmosphere must be restricted to 1000 GtCO2. We refer to this amount as the
GCB, which is equal to the integral area of the CO2 emission mitigation scenario RCP2.6,
between 2011 and 2100.
The aim of this paper is to present a methodology, based on climate justice criteria, to
distribute this GCB (approximately 1000 GtCO2 to emit from 2011 onwards) fairly between all
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the countries. In other words, we present a method to calculate the cumulative emissions, or
carbon budget (CB), that each country can release into the atmosphere from now on, in order
to achieve the global objective that the rise in temperature will not exceed 2 °C. We also show
possible emission mitigation pathways that are compatible with the allocated CB.
It is worth noting that since COP21, the international community has been working to
implement the Paris Agreement. Specifically, the BAd Hoc Working Group on the Paris
Agreement^ (APA) has a mandate to elaborate the necessary guidelines, procedures, and
modalities which, among other things, will define the format and contents of the new NDCs
that countries must present by 2020. Now, could be a good time to actively start considering
frameworks and models that, in the end, can help to achieve an implementation of the Paris
Agreement in the light of equity and climate justice.
In accordance with this general objective, the layout of this paper is as follows: Section 2 is
devoted to equity and climate justice; in Section 3, we present the methodology: the Model of
Climate Justice (MCJ) per capita, the set of data used, and the group of countries studied in this
paper. In Section 4, we present the results of the distribution of the GCB obtained using the
MCJ, and we discuss the role it could play within the framework of the Paris Agreement. In
Section 5, we present the main conclusions.
2 Equity and climate change
Equity, as a pillar of climate justice, is a concept deeply rooted in the UNFCCC. The article 3.1
of its founding treaty starts by saying:
The Parties should protect the climate system for the benefit of present and future
generations of humankind, on the basis of equity and in accordance with their common
but differentiated responsibilities and respective capabilities. Accordingly, the developed
country Parties should take the lead in combating climate change and the adverse effects
thereof. (United Nations 1992).
Mattoo and Subramanian 2012, in an in-depth review about equity and climate change
highlight among others, four principles for applying equity to the share of future emission
allowances. These principles are equal emissions per capita (based on the idea that all the
inhabitants of the planet are equal), historical responsibility (based on the idea that it is
necessary to compensate for the harm caused to others), ability to pay (based on distributive
justice notions), and preservation of the right to development (also based on distributive
justice).
With reference to historical responsibility, the year from which historical responsibility
begins to be taken into account has been a widely discussed issue (Müller et al. 2009; Füssel
2010; Caney 2009; Jacoby et al. 2009). Considering that at the beginning of the industrial
revolution, there was little awareness that GHG emissions could alter the climatic system (one
exception was Arrhenius’ paper (Arrhenius 1896)); the discussion focuses on whether or not
liability can be demanded for any harm caused at a time when it was unknown that that action
was causing harm. In this sense, some authors state that the progress of developed countries
has been closely related to the increase of their emissions; and because of that, when
establishing systems that compare them with developing countries, the historical emissions
must be counted from the beginning of the industrial revolution (Cao 2008; Kanitkar et al.
2013). On the other hand, there are authors who maintain that the historical responsibility can
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only be demanded from the moment when the international community became aware of the
problem of GHG emissions.
Considering this point further, it is necessary to establish from what moment it can be
considered that the international community became aware of the problem of climate change.
With regard to possible dates, most authors usually choose the beginnings of the 1990s when
the negotiations that led to the founding treaty of the UNFCCC began (Ott et al. 2004; Parikh
and Parikh 2009; Baer et al. 2008; Gignac and Matthews 2015; German Advisory Council on
Global Change (Wbgu) 2009). But some authors also place it at the beginning of the 1970s
when the United Nations Conference on the Human Environment was celebrated and the
United Nations Environment Program was created (Kanitkar et al. 2010). Both arguments are
reasonable, but in our view, the first can definitely not be questioned. More specifically, we
chose 1992, the year in what the founding text of the UNFCCC was approved, as the year from
which we started taking into account the historical responsibility.
When specifying the principles of equity in models that give quantitative results, two
groups of models can be clearly identified. On the one hand, those that distribute the burden
of emission reduction and on the other those that assign future emission quotas. It is important
to keep in mind, that it is not the same to distribute the necessary emission reduction to achieve
a certain objective of stabilization of the temperature than to distribute quotas or levels of
emissions between the different countries.
Within the first group of models, we can find The Greenhouse Development Rights
framework (Baer et al. 2008; Cao 2008; Holz et al. 2017) that distributes the burdens of
emission reductions and adaptation to climate change according to an assessment of
capacity (assessed as income not demanded by the necessities of daily life, which can be
an indicator of the ability to pay) and responsibility (historical contribution to the climate
problem).
Within the second group, we can find models that distribute the GCB like those proposed
by the Raupach et al. 2014; Kanitkar et al. 2013; Giménez-Gómez et al. 2016; Gignac and
Matthews 2015; and German Advisory Council on Global Change (Wbgu) 2009. All of
them in their different ways take into account the concept of equity. The Raupach model,
allows for a balance between equal emissions per capita and Binertia^ which takes into
account the current distribution of emissions between countries. The Kanitkar and Gignac
models are based on equity and also include an evaluation of the historical responsibility
when distributing the GCB. The former calculates the historical responsibility in a very
strict way, starting from the very beginning of the industrial revolution whereas the later
calculates it from 1990.
The model we present incorporates, in a different way, two principles in order to
operationalize equity: equal emissions per capita and the historical responsibility.
3 Methodology and data
3.1 The Model of Climate Justice per capita
The Model of Climate Justice per capita (MCJ) that we are presenting has been developed with
the aim of distributing the GCB between all the countries. The MCJ allows us to calculate the
CB available to each country, according to climate justice criteria. These criteria can be
summarized as follows: the model treats all inhabitants of the planet equally (i.e., equal
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number of emissions per capita) but takes into account the different historical responsibilities
of each country, insofar as emissions are concerned.
Firstly, with regard to the issue of historical responsibility, we have calculated the figures
from 1992 onwards. As of 1992, when the text of the UNFCCC was approved, no country
could argue that it was unaware of the serious problems that humankind was facing. Thus, we
have taken 1992 as the year in which the historical responsibilities that we wish to compensate
for should start to be considered. Since 2012 is the last year for which we currently have data,
the mathematical application of the model begins after this date: in 2013. We base our
historical responsibility calculations for 2013 on the data from the 21-year compensation
period 1992–2012. For every year after 2013, we use the data from the 21 years that
immediately precede it.
In order to illustrate how the year from which we start considering the historical respon-
sibility can greatly affect the resulting distribution of the CB obtained with the MCJ, in
Annex 2 of the complementary on-line material, we present the results obtained taking 1970
as the year from which we assess the historical responsibility.
The calculation of the emission distribution for year (yr) is explained in detail in the
Annex 1 included in the electronic supplementary material. Throughout this paper, following
the standard term used in the UNFCCC, we use the term Party to refer both individual
countries and a group of countries (e.g., the EU 28). We can summarize the methodology in
the following four steps:
1. We calculated the historical emissions per capita for each of the Parties (pt) prior to the
year being calculated (yr). This is done by calculating the quotient between the total
emissions over the historical period of time and the sum of the population during the same
period.
For each year of calculation, beginning in 2013, we considered the data from the previous
21 years as the historical period of time. In Table 1 we show, as an example, the historical
emissions per capita to be applied in the first year of calculation, 2013.
2. Then, the historical responsibility per capita, (Δpt, yr) is calculated for each country
using the difference between the historical emissions per person for each Party and the
global historical emissions per capita during the same time period. The historical
responsibility in the first year of calculation is presented, as an example, in Table 1.
The way we calculate the historical responsibility is slightly different from that used by
Gignac and Matthews 2015 and proposed by Neumayer 2000b, but the final results are
very similar.
3. Next, we started to calculate the emissions that can be allocated in the future. Firstly,
we extracted the total global emissions for the year (yr) being calculated from the
mitigation curve of scenario RCP2.6 (available on the Potsdam Institute for Climate
Impact Research database). This value, together with data that projects the world
population increase, is used to calculate the permitted world emission per capita at
this year.
4. Secondly, the possible emissions that would correspond to each country for the year of
calculation are determined. To each inhabitant of each country, we assign the world
emissions per capita calculated in the third step corrected for their historical responsibility
per capita. Then, we calculate the future emissions of each Party at the year (yr), by
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multiplying its corresponding emissions per capita by its population according to the
projection of population data for this Party.
Finally, we calculate the total emissions allowed for each Party from 2013 to 2100, i.e., the
CB that the model allocates to each country, by adding up the yearly emissions that correspond
to each country over this period.
It is important to mention that while the simulation calculates year-to-year emissions
for each of the countries studied, these annual emissions themselves do not constitute
possible mitigation paths for these countries. This is because, by strictly applying the
criterion of climate justice per capita explained above from the first year of calculation,
some mathematical discontinuities emerge within the first year of calculation, which in
practice are meaningless and impossible to apply on a practical level. This is not a problem
because the objective of this model is to calculate the CB of each Party by applying the
criteria of climate justice per capita and not to calculate mitigation pathways. Later, once
the CB has been determined, we can design the mitigation pathway for each country (see
Section 4).
3.2 Input data, countries, and groups of countries studied
The model that we present has been built upon two sets of data: emissions and population data.
The CO2 emissions data from 1970 to 2012 have been obtained from the CAIT Climate
Data Explorer (World Resources Institute 2015). In this study, we have not included emissions
from land-use, land-use change, and forestry (LULUCF).
Table 1 Historical emissions per capita and historical responsibility per capita at year 2013 for each of the 15
countries in the BTOP-15^ and for the three groups of Others: (OA) Other African countries, (OLAC) Other Latin
American and Caribbean countries, and (RW) the Rest of the World
Historical emissions per capita (tCO2) Historical responsibility per capita (tCO2)
World 4.3 0.0
China 4.0 − 0.3
USA 19.1 14.8
EU 28 8.1 3.8
India 1.1 − 3.2
Russia 11.0 6.8
Japan 9.5 5.2
Iran 6.0 1.8
Korea, Rep. 10.0 5.7
Canada 16.6 12.3
Saudi Arabia 12.9 8.7
South Africa 6.9 2.7
Mexico 3.6 − 0.6
Indonesia 1.5 − 2.8
Brazil 1.8 − 2.4
Australia 17.5 13.2
TOP-15 5.3 1.0
OA 0.7 − 3.6
OLAC 2.5 − 1.7
RW 3.5 − 0.8
Others 2.3 − 2.0
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The projected population data is taken from the UNWorld Population Prospects: The 2015
Revision Population Database (UNDESA Population Division 2015), on its medium variant
population growth scenario. The model runs on a moving population basis where population
varies yearly, based on the projections provided by the abovementioned database for each
country until 2100.
An initial analysis of the emission data allows us to see that the 15 Parties that head the
ranking of CO2 emissions (the BTOP-15^) contribute 79% of total global CO2 emissions.
Although we have calculated the allocation of carbon budget for every country, in this first
paper where we present the Model of Climate Justice per capita, we adopt the criterion of
showing the results only for these 15 state-parties: China, USA, EU 28, India, Russia, Japan,
Iran, Rep. Korea, Canada, Saudi Arabia, South Africa, Mexico, Indonesia, Brazil, and
Australia. This criterion allows us to show a country from every continent.
The rest of the countries, responsible for 21% of global emissions, have been grouped into
three subsets according to a geographical criterion: BOther African countries^ (OA), BOther
Latin American and Caribbean countries^ (OLAC), and the BRest of the World^ (RW). We
understand OA as all the countries of the African continent with the exception of South Africa,
which is already part of the BTOP-15^ group. Similarly, the OLAC is made up of all the
countries of Latin America and the Caribbean excluding Mexico and Brazil. Having separated
these two areas from the BOthers^ group, we are left with a very heterogeneous group of
countries in Europe, Asia, and Oceania, which we have called BRest of the World^ (RW).
It is necessary to point out that the results of the BOthers^ groups are calculated by adding
up the emissions that our model allocates to the different countries within these groups, and
which are calculated individually for every country (with their own population). We are aware
that the groups of BOthers^ include countries that are very different from each other. These
groups are only included for the sake of completeness, and they are presented as three different
groups only to give a picture of the geographical differences between them. A detailed study of
the countries that make up the BOthers^ groups is one of the goals that we have set for the
immediate future.
4 Results and discussion
By applying the MCJ model, we can determine the CB for each of the Parties (each of the
BTOP-15^ and the three aggregated groups of BOthers^), when we apply the criterion of
climate justice per capita that we previously explained. These results, the cumulative emissions
or Bpossible or available CB^, in GtCO2, are shown in the first column of Table 2.
The final column of Table 2 shows the distribution of the GCB (in percentages) obtained
using only the criteria of equal emissions per capita, without taking into account the historical
responsibility. This enables us to see how the method we have used to incorporate the
historical responsibility serves to finely-tune the distribution based only on equal emissions
per capita. It can be seen that the country which most benefits from taking the historical
responsibility into account is India, whereas the worst off is the USA. The group of Other
African countries also benefits greatly.
As we commented previously, the results we are presenting have been obtained using the
medium variant UN-DESA scenario for the projection of population evolution. We also used
the high and low variant scenarios (UNDESA Population Division 2017) and found that the
changes in the distribution of the GCB do not reach 1%. This is because in these scenarios, the
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relative distribution of the population between countries does not change significantly. The
results of the MCJ depend on the relative population of each country (compared to the world
population) and not on the absolute figures for any given population. If we do not use any
population projection and we assume that the population will remain constant from now on,
the MCJ allocates a lower CB to those countries where higher population growth is expected,
and vice versa (see annex 2 of the complementary on-line material).
It is also interesting to compare the distribution of historical emissions with the distribution
obtained using the MCJ with the two components: equal emissions per capita and historical
responsibility. By looking at the two pie charts of Fig. 1, we can compare the distribution of the
accumulated historical emissions during the 40-year period 1971–2010, with the distribution
that the MCJ model offers for the 40-year period 2011–2050. We choose these two periods of
40 years because the figures for the total world emissions are practically the same (around
850 GtCO2), and this enables us to directly compare the percentages.
We can quickly see that the Parties with large populations and low levels of historical
emissions—such as India, Indonesia, Brazil, and the Other African (OA) and Other Latin
American and Caribbean (OLAC) countries—, come out clearly benefiting with respect to
their historical emissions. On the other hand, those Parties with historical emission levels
that are well above the world average—such as the USA, EU 28, and Canada, would face a
future with a considerably reduced CB. It should be further stressed that these Parties are
also the ones that already have the technological knowledge and a high level of develop-
ment in order to cope immediately with this situation. They also have, according the
UNFCCC and the Paris Agreement, the responsibility to take a leading role in the fight
against climate change.
Table 2 In the first column, carbon budgets, in GtCO2, for each of the 15 countries in the BTOP-15^ and for the
three groups of Others, obtained by applying the MCJ. In the second column, the CB expressed as a percentage
of the World GCB. In the last column, the share of the same GCB obtained without considering the historical
responsibility
MCJ Equal emissions per capita
CB 2011–2100 (GtCO2) CB 2011–2100 (%) CB 2011–2100 (%)
World 1057 100 100
China 183 17.30 17.63
USA 29 2.73 4.93
EU 28 58 5.50 6.43
India 202 19.09 17.21
Russia 15 1.39 1.90
Japan 13 1.26 1.60
Iran 11 1.01 1.10
Korea, Rep. 6 0.54 0.70
Canada 4 0.34 0.55
Saudi Arabia 4 0.40 0.52
South Africa 7 0.67 0.74
Mexico 19 1.76 1.72
Indonesia 39 3.67 3.34
Brazil 30 2.86 2.63
Australia 3 0.24 0.39
TOP-15 621 58.75 61.39
OA 202 19.08 17.17
OLAC 44 4.13 3.90
RW 191 18.04 17.55
Others 436 41.25 38.61
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Now we will present some of the possible mitigation pathways that strictly comply with
the CB allocated to each country. These pathways which we call BPathways According to
Fig. 1 The upper diagram, distribution of cumulative historical emissions for the 1971–2010 period. The lower
diagram displays the proposed distribution that the MCJ model offers for the 2011–2050 period
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the Carbon Budget^ (PACBs) allow the reader to have an idea about the percentage of
emission reductions that some countries have to achieve in order to reach the 2 °C objective
at a global level. Of course, in every case, the integral area defined by the PACB corre-
sponds to the CB.
Gignac and Matthews 2015 have drawn lineal mitigation pathways for all the countries
using the contraction and convergence framework proposed by Meyer 2000. All their
mitigation pathways converge to the same number of emissions per capita between the
countries. The difference between their model and ours is that the mitigation pathways that
we present are designed with the objective of achieving the CB assigned to each one of the
countries according to our Model of Climate Justice per capita, whereas Gignac and
Matthews 2015 have calculated the CB the other way round by starting with the mitigation
pathways that they have designed. Because of that, although both models are based on a
very similar estimation of the historical responsibility, there is an important difference
between how the CB is shared out.
We will start by presenting the mitigation pathways of three Parties. The first is the EU 28,
whose historical responsibility is far above the world average. The second is China which,
although it is now the number one CO2 emitter, has a relatively reduced historical responsi-
bility compared with other top emitters. The third is India, whose historical responsibility is
below the world average. These pathways have been calculated using the same curves as
Raupach et al. 2014:
f tð Þ ¼ f 0 1þ r þ mð Þtð Þexp −mtð Þ
Figure 2a shows the EU 28 has to make a drastic reduction in emissions in order to achieve
zero emissions by approximately 2060. According to our model, in 2030, the EU-28 emissions
must be 69% lower than in 1990. If we look at the first EU 28 contribution to the Paris
Agreement (NDC) and use the MCJ as reference, we can see that the EU 28 contribution to
reduce emissions in 2030 to 40% lower than the emissions in 1990 is far removed from the
necessary level of ambition. As well as this, when socio-economic development tendencies,
the increase in energy consumption and the development of renewable energy in the EU 28,
are analyzed, it can be seen that although the EU 28 is on the correct path to achieve its 2020
objectives, it must increase its efforts in order to reduce its energy consumption and increase
the contribution made by renewable energies, if it is to achieve the commitments made in the
EU-28 NDC for 2030 (Liobikiené and Butkus 2017).
Referring to China, Fig. 2b shows one of the possible mitigation pathways compatible
with its CB. This country, which is currently the number one emitter, should soon reach its
emission peak and then start a drastic reduction in its emissions. Elzen et al. 2016 have
studied the evolution of China’s emissions by using its NDC as a base and taking into
account its energy policy. This study situates China far away from the mitigation pathway
of Fig. 2b.
Figure 2c shows one of the possible mitigation pathways using India’s CB.When compared
to the other figures, it shows that India can delay its emissions peak and then start its
decarbonization process at a slower rhythm. As we previously mention, the MCJ allocates a
large CB to India because it is a country with a very high population and a historical
responsibility well below the world average. India, a country with 240 million inhabitants
who still do not have an electricity supply (International Energy Agency 2015; Srivastava and
Rehman 2006) and with 40% of children under the age of 5 suffering from under nutrition
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(Shankar et al. 2017), could justify an increase in its emissions in the medium term, in order to
achieve sustainable development objectives such as providing its population with basic
infrastructures and covering their nutritional needs.
Finally, Fig. 3 shows the mitigation pathways until 2050 for the TOP-15 and the three
BOther^ groups. Countries such as the USA, EU-28, Russia, Japan, South Korea, Canada, and
Australia have to immediately start a drastic reduction in their emission levels; whereas others
such as China, India, Iran, Saudi Arabia, South Africa, Mexico, Indonesia, and Brazil can still
increase their emissions and delay their peak. This figure makes it evident that, although the
mitigation efforts that the most developed countries have to apply are huge and a great
challenge in themselves, these efforts are clearly necessary in order to progress towards a
global scenario compatible with the 2 °C goal and to keep the carbon space for developing
countries in order to respect their social and economic development opportunities.
Fig. 2 Historical data (black dots) and mitigation pathway designed according the allocated CB (blue dots). a
European Union. b China. c India
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The results of the GCB distribution that we present could seem very difficult to implement.
But we would like to point out that including a GCB distribution model such as this could be
used as a reference when implementing different aspects of the Paris Agreement.
– According to the Paris Agreement itself, equity and the differentiation of responsibilities
between countries are principals that must be implemented within in the agreement:
This Agreement will be implemented to reflect equity and the principle of common but
differentiated responsibilities and respective capabilities, in the light of different national
circumstances.
– In article 4.1, the Paris Agreement also states that equity must be taken into account when
countries elaborate their NDCs. A GCB distribution such as the one we present could be
used as a reference. Countries could declare what part of their CB they intend to use in
each one of their NDCs.
– According to article 14, the BGlobal Stocktake^ must be elaborated following the
principal of equity. With this in mind, the use of a reference point such as the one we
present could help to evaluate the level of ambition of each one of the NDCs and give
the countries an objective framework in order to improve climatic action at a global
level.
– In article 6, the Paris Agreement contemplates the creation of systems of voluntary
cooperation between the different Parties, which would help them to achieve the mitiga-
tion objectives and contribute towards sustainable development. Some authors (Stua
2017; Keohane et al. 2015) see article 6 and the establishment of alliances between
Parties as a way that will allow ambitious mitigation objectives to be achieved. The basic
idea is that a country would be able to use its CB as asset for the country. Developing
Fig. 3 Aggregated mitigation pathways for the TOP-15 countries studied in this paper and the other three groups
of countries: Other African (OA), Other Latin American and Caribbean (OLAC), and the Rest of theWorld (RW)
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countries could take a part of their CB and exchange it with other countries for investment
in sustainable technologies.
– Any implementation should be done taking into account the articles 4.4. and 4.1;
respectively:
(4.4) Developed country Parties should continue taking the lead by undertaking
economy-wide absolute emission reduction targets. Developing country Parties should
continue enhancing their mitigation efforts, and are encouraged to move over time
towards economy-wide emission reduction or limitation targets in the light of different
national circumstances.
(4.1) In order to achieve the long-term temperature goal set out in Article 2, Parties aim
to reach global peaking of greenhouse gas emissions as soon as possible, recognizing
that peaking will take longer for developing country Parties.
5 Conclusions
The Model for Climate Justice, which is presented in this article, is based on the principle of
equal number of emissions per capita and takes into account the historical responsibility of
each of the countries, starting from 1992, the year in which the text of UNFCCC was
approved. The model allows us to calculate the CB related to the combustion of fossil fuels
that would correspond to each country when these said criteria are taken into consideration.
The model has been designed so that the GCB that is obtained from adding up the CBs
allocated to each country coincides in value with the GCB compatible with the 2 °C objective:
1000 GtCO2 for the period 2011–2100 (IPCC 2013). In this paper, we present the model’s
results for the 15 countries that top the ranking for world emissions and for each of the three
BOther^ combinations of countries: Other African, Other Latin American and Caribbean, and
the Rest of the World.
On comparing the historical distribution of emissions with the distribution obtained using
the MCJ, it can be seen that countries such as the USA, the European Union, Russia, Japan,
Canada, or Australia, must face the future with a greatly reduced carbon budget. On the other
hand, countries such as India, Mexico, Indonesia, Brazil, or the OA and OLAC groups can
make use of a carbon budget that is higher than their historical emissions. This is coherent with
the previously cited articles of the Paris Agreement, but provides a quantifiable reference for
their implementation.
We have also presented mitigation pathways that comply with the CB allocated to some
countries. It is demonstrated that developed countries, using the EU 28 as an example, must
face a drastic reduction in their emissions, whereas developing countries, represented by the
example of India, could delay their peak emissions and then later initiate a gradual reduction of
emissions.
Finally, we discuss how the MCJ could help to implement the principals of equity and
differentiated responsibilities within the Paris Agreement framework and be used when
countries elaborate their NDCs, when the Global Stocktake is elaborated or in order to build
systems of collaboration between groups of countries.
The use of a GCB distribution such as the one we present, even if it is only used as a
reference point, could help the developing countries to justify an increase in their emissions in
Climatic Change
order to establish the basic infrastructures necessary for their development. The agendas of
development and climate control must be implemented together. The model also serves to
demonstrate how developed countries can neither ignore their responsibility nor further delay
the implementation of truly ambitious mitigation policies. Only a clear and radical commit-
ment by the developed countries in the mitigation process could achieve complete worldwide
decarbonization.
The MCJ could be a way to attend to the demands expressed by the prime minister of India
during the Paris summit: Justice demands that carbon curbs should not limit poorer nations’
ability to grow (Modi 2015).
Acknowledgements The authors want to thank Pepe Antequera, who unfortunately is no longer among us, for
the time we spent together.
Funding information The research leading to these results has received funding from "la Caixa" Banking
Foundation.
References
Arrhenius S (1896) XXXI. On the influence of carbonic acid in the air upon the temperature of the ground.
Philosophical Magazine Series 5, 41(251), pp.237–276. Available at: http://www.tandfonline.
com/doi/abs/10.1080/14786449608620846
Baer, P. et al., 2008. The greenhouse development rights framework 2nd edi., Berlin: Published by the Heinrich
Böll Foundation, Christian Aid, EcoEquity and the Stockholm Environment Institute
Caney S (2009) Justice and the distribution of greenhouse gas emissions 1. Journal of Global Ethics 5(2):125–
146 Available at: http://www.tandfonline.com/doi/abs/10.1080/17449620903110300. Accessed 18 Apr 2017
Cao J (2008) Reconciling Human Development and Climate Protection: Perspectives from Developing Countries
on Post-2012 International Climate Change Policy. Harvard Project on International Climate Agreements,
(December 2008), p.31
Frölicher TL, Winton M, Sarmiento JL (2013) Continued global warming after CO2 emissions stoppage. Nat
Clim Chang 4(1):40–44 Available at: http://www.nature.com/doifinder/10.1038/nclimate2060
Füssel HM (2010) How inequitable is the global distribution of responsibility, capability, and vulnerability to
climate change: a comprehensive indicator-based assessment. Glob Environ Chang 20(4):597–611
German Advisory Council on Global Change (Wbgu) (2009) Solving the climate dilemma: The budget
approach, Available at: http://www.wbgu.de/wbgu_sn2009_en.pdf
Gignac R, Matthews HD (2015) Allocating a 2 °C cumulative carbon budget to countries. Environ Res Lett
10(7):75004 Available at: http://stacks.iop.org/1748-9326/10/i=7/a=075004
Giménez-Gómez JM, Teixidó-Figueras J, Vilella C (2016) The global carbon budget: a conflicting claims
problem. Clim Chang:1–11
Herrington T, Zickfeld K (2014) Path independence of climate and carbon cycle response over a broad range of
cumulative carbon emissions. Earth System Dynamics 5(2):409–422
Holz C, Kartha S, Athanasiou T (2017) Fairly sharing 1.5: national fair shares of a 1.5 °C-compliant global
mitigation effort. International Environmental Agreements: Politics, Law and Economics 18(1): 117–134.
https://doi.org/10.1007/s10784-017-9371-z
International Energy Agency (2015) India Energy Outlook - World Energy Outlook Special Report 2015,
Available at: https://www.iea.org/publications/freepublications/publication/IndiaEnergyOutlook_
WEO2015.pdf. Accessed 3 June 2017
IPCC (2013) Summary for policymakers. In: Climate Change 2013: The Physical Science Basis. Contribution of
Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. TF
Stocker et al. (eds) Cambridge: Cambridge University Press. Available at: http://www.climatechange2013.
org/images/report/WG1AR5_SPM_FINAL.pdf
IPCC (2014) Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change. RK Pachauri & LA Meyer (eds)
Geneva: IPCC. Available at: http://www.ipcc.ch/report/ar5/syr/
Jacoby HD et al. (2009) Sharing the burden of ghg reductions. Post-Kyoto International Climate Policy:
Implementing Architectures for Agreement: Research from the Harvard Project on International Climate
Agreements, (October), pp. 753–785
Climatic Change
Kanitkar, T. et al. (2010) Meeting equity in a finite carbon world: global carbon budgets and burden sharing in
mitigation actions. In Paper presented at CASS Forum on Climate Justice and the Carbon Budget Approach.
China: Beijing
Kanitkar T et al (2013) Carbon budgets for climate change mitigation - a GAMS-based emissions model. Curr
Sci 104(9):1200–1206 Available at: <Go to ISI>://WOS:000319783000022
Keohane N, Petsonk A, Hanafi A (2015) Toward a club of carbon markets. Climatic Change, (Alternate
Structures for Global Climate Action: Building Blocks Revisited)
Liobikiené G, Butkus M (2017) The European Union possibilities to achieve targets of Europe 2020 and Paris
agreement climate policy. Renew Energy 106:298–309
Matthews HD et al (2009) The proportionality of global warming to cumulative carbon emissions. Nature
459(7248):829–832 Available at: http://www.ncbi.nlm.nih.gov/pubmed/19516338
Mattoo A, Subramanian A (2012) Equity in climate change: an analytical review. World Dev 40(6):1083–1097.
https://doi.org/10.1016/j.worlddev.2011.11.007
Meyer A (2000) Contraction and convergence: the global solution to climate change, Green Books for the
Schumacher Society
Modi, N., 2015. The rich world must take greater responsibility for climate change. Financial Times, pp.7–9
Müller B, Höhne N, Ellermann C (2009) Differentiating (historic) responsibilities for climate change. Clim Pol
9(6):593–611
Neumayer E (2000) In defence of historical accountability for greenhouse gas emissions. Ecol Econ 33(2):185–192
Ott HE et al. (2004) South-North dialogue on equity in the greenhouse: a proposal for an adequate and equitable
global climate agreement, Deutsche Gesellschaft für Technische Zusammenarbeit (GTZ) GmbH. Available
at: http://www.erc.uct.ac.za/Research/publications/04Ott-etal-SouthNorthDiaLogue.pdf. Accessed 3
Oct 2011
Parikh, J, Parikh K (2009) Climate change: a parking place model for a just global compact. (January 2015), pp.1–17
Raupach MR et al (2014) Sharing a quota on cumulative carbon emissions. Nat Clim Chang 4(October):873–879
Shankar B et al (2017) Dietary and nutritional change in India: implications for strategies, policies, and
interventions. Ann N YAcad Sci
Srivastava L, Rehman IH (2006) Energy for sustainable development in India: linkages and strategic
d i r e c t i on . Ene rgy Po l i cy 34(5 ) :643–654 Ava i l ab l e a t : h t t p : / /www. sc i enced i r ec t .
com/science/article/pii/S0301421505003186
Stua M (2017) From the Paris agreement to a low-carbon bretton woods. Springer International Publishing AG 2017
UNDESA Population Division (2015) World population prospects the 2015 revision volume I: comprehensive tables
UNDESA Population Division (2017) World Population Prospects. The 2017 Revision. Available at: https://esa.
un.org/unpd/wpp/Download/Standard/Population/. Accessed 13 Jan 2018
UNEP (2015) The emission gap report 2015. A UNEP synthesis report, Available at: http://www.unep.
org/publications/ebooks/emissionsgapreport/index.asp
UNEP (2016) The emissions gap report 2016, Available at: http://www.unep.org/pdf/2012gapreport.pdf
UNFCCC (2013) Report of the Conference of the Parties on its nineteenth session, held in Warsaw from 11 to 23
November 2013. Addendum, (January), pp.1–43. Available at: http://unfccc.int/resource/docs/2013/cop19
/eng/10a01.pdf#page=6
UNFCCC (2014) Report of the Conference of the Parties on its twentieth session, held in Lima from 1 to 14
December 2014. Decision 1/CP.20, 1(February), pp.1–7
UNFCCC (2015a) Report of the Conference of the Parties on its twenty-first session, held in Paris from 30
November to 13 December 2015 Addendum Contents Part two: Action taken by the Conference of the
Parties at its twenty-first session. Decision 1/CP.21 Adoption of the Paris Agreement, 1194(January), pp.1–
36. Available at: http://unfccc.int/resource/docs/2015/cop21/eng/10a01.pdf
UNFCCC (2015b) Synthesis report on the aggregate effect of the intended nationally determined contributions,
Available at: http://unfccc.int/resource/docs/2015/cop21/eng/07.pdf
UNFCCC (2016) Aggregate effect of the intended nationally determined contributions : an update, (May), pp.1–75.
Available at: http://unfccc.int/files/focus/indc_portal/application/pdf/technical_annex_-_synthesis_report.pdf
United Nations (1992) United nations framework convention on climate change
United Nations (2015) Paris agreement. 21st Conference of the Parties, p.3
van Vuuren DP et al (2011) RCP2.6: exploring the possibility to keep global mean temperature increase below
2°C. Clim Chang 109(1):95–116
World Resources Institute (2015) CAIT - Historical Emissions Data. Available at: http://www.wri.
org/resources/data-sets/cait-historical-emissions-data-countries-us-states-unfccc. Accessed 6 Aug 2016)
Zickfeld K, Arora VK, Gillett NP (2012) Is the climate response to CO2 emissions path dependent? Geophys Res
Lett 39(5):L05703 Available at: https://doi.org/10.1029/2011GL050205
Climatic Change
